Today, thermal energy storage materials are proposed as a promising solution to increase the energy efficiency in building sector and to reduce the total energy demand because building sector accounts up to 34% of total energy consumption. Under this situation, phase change materials (PCM) are well-considered as materials to store energy allowing high energy densities (between 50-600 MJ/cm 3 ). Available materials to be used as PCM for building application in literature were added to a database for to be used with CES Selector software. More than three hundred PCM whit phase change temperatures between -50 ºC and 150 ºC and considering commercial and noncommercial PCM were listed and classified by their properties and the values available of the materials have been introduced in this database. The main objective of this study is to generate a PCM database and draw on it in order to facilitate the selection of the most suitable PCM depending on the building application.
Introduction
Today, thermal energy storage materials are proposed as a promising solution to increase the energy efficiency in building sector and to reduce the total energy demand because building sector accounts up to 34% of total energy consumption in developed countries as state International Energy Agency [1, 2] . In Figure 1 the energy consumption in building sector divided by world areas and differentiating between residential and commercial buildings is shown. Notice that developed countries account more energy consumption in commercial buildings than in residential ones.
Materials used to store thermal energy are divided in three types concerning the method used to store the energy. The first one consists on the heat stored produced when a temperature gradient is applied to a media (solid, liquid or gas) which is known as sensible heat (SHTES) [3] . The second is the one concerning the latent heat stored or released during a phase change state (LHTES) [3] . This method used phase change material (PCM) to store thermal energy. The last one consists on store the thermal energy produced when a reaction takes place. This method is known as thermochemical storage (TCS) and thermochemical materials (TCM) are used for storage [4] . Thermal energy storage (TES) is proposed as one way to improve the gap between energy consumption and energy supply [5] . Actually, there are different compilations to collect all the reported information about PCM properties, not only the thermophysical ones but also other relevant properties [6, 7] .
In addition, phase change materials (PCM) are well-considered as materials to store energy allowing high energy densities (between 50-600 MJ/cm 3 ). The phase change temperature range will define the final application where this material/substance can be implemented: heating, cooling, domestic hot water, cold storage, etc. Therefore, it is a material selection parameter. Moreover, PCM are divided in several groups of PCM depending on their chemical nature: paraffin, fatty acids, salt hydrates, sugar polyol, etc. [8] .
CES Selector is a software database developed by Granta Design [9] . This software is a very intuitive tool to help researchers and designers to select the most appropriate material for a determined application taking into account the constrains. CES Selector was used by Navarro et al. in order to define the best material candidate to store thermal energy as sensible heat [10] , as well as Khare et al. [11] . This software has been used as a tool being the aim of this paper to build a new database and to use this tool for the first time in order to obtain proper graphs that will help PCM selection.
Therefore, this paper aims to show the scope of creating a PCM database for CES Selector. The main source of data of PCM for building applications is the one considered in the review that Cabeza et al. published in 2011 [12] . Available materials to be used as PCM (commercialized and standard substances) for building applications in literature were listed in this review [12] as well as materials commercialized as PCM. More than three hundred PCM were listed and classified by their properties and introduced in this database. This database is a simple and intuitive method to obtain a general PCM list for certain application depending on the thermophysical properties required.This tool is very used in material science field but it is non-existent in the PCM field.
The main objective is to create a database that facilitates the selection of the most suitable PCM depending on the application. Moreover, the information that can be extracted from the data presented in this paper will be discerned by presenting a case study for domestic hot water application in buildings.
Selection materials methodology
Following a materials selection strategy the main goal is to obtain a small number of materials candidates among a given database taking into account a specific application. The systematic selection of the best materials for a given application begins by knowing the most relevant properties that has to be considered. CES Selector is software from GRANTA Design at the University of Cambridge that allows combining the information on materials from its specific database and presenting the results in friendly material charts. Moreover, it has a tool, the CES constructor, that allows creating your own data base to apply the materials selection methodology comparing different materials from your database, the CES Selector database and also those found in the literature that are used in the desired application.
One of the main purposes of this work is to create a new database of PCM to select them depending on their properties and their application. Therefore, a new database was created using the CES Constructor software to introduce the main properties such as melting point and latent heat of fusion from the PCM found in the literature and also from commercial PCM.
More than 300 PCM references were introduced in this software to be used to select material candidates for TES in several applications for building sector. The data introduced is based on the review published in 2011 by Cabeza et al. [12] . Moreover, the main cited classification of PCM by groups is used in this database which considered the chemical nature of the substances used to store energy by their latent heat of phase change and the main properties that will characterize the thermal behaviour of a PCM are the working temperature range (based on the peak temperature of the phase change) and the heat of fusion (energy that one substance is able to store as latent heat). These two properties are considered for all the PCM available in the new database. It is also important to remark that there are several properties that are very relevant as density, thermal conductivity, specific heat, etc. which were also introduced in the new database even though there is not data available for all references.
Results and case study for domestic hot water
There are 6 main groups or families that PCM are divided depending on their chemical nature which are represented in the Figure 2 . Each PCM family has its own characteristics:
-Organic / Eutectic Organic / Paraffin / Fatty acids: these substances almost do not present corrosion problems. However, it is difficult to ensure the thermal stability of cycling stability after many thermal cycles. -Inorganic / Eutectic Inorganic / Salt hydrate / water solution: are the PCM with the highest capacity to store energy but they present corrosion problems that must be taken into account from the beginning of the system design.
However, one of the most important parameter to take into account during the PCM selection step is the energy density which is calculated following Eq. (1), where  en is the energy density,  is the density of the material and H is the phase change enthalpy.
This software is able to discern the materials with highest  en which are located in the upper part of Figure 3 . Note that the materials with highest energy density using latent heat to store thermal energy are salt hydrates.
Otherwise, the working temperature range will define the final application of the PCM. Different bubble colour of Figure 4 means different application of PCM and commercial PCM are shown in black colour (independently of the application).
In addition, Figure 4 shows the PCM working temperature range selected for thermal comfort in buildings applications where particular applications are defined: heating, cooling, domestic hot water, and thermal comfort.
In detail, it is important to highlight that the PCM available for thermal comfort in buildings are not many substances. Therefore, new substances can be developed or enhanced to be used in this material gap (see Figure 5) . Moreover, the thermophysical properties variation for such a substance, for example butyl stearate (see Figure 5 .b), is due to the dispersion in the values available in the literature: the melting temperature for butyl stearate is reported between 18-23 ºC and the latent heat of fusion is accounted between 123 -200 kJ/kg. This circumstance is mainly due to a lack on the standardization for the thermophysical properties measurements [13] .
Furthermore, using this available data it is possible to correlate which is the main component of one PCM available in the market. Taking into account Figure 6 , we may correlate octadecane as the main component of RT27 which is commercial product from Rubitherm because both materials have the same melting temperature and the same chemical nature, and the difference between both substances might be the melting enthalpy due to the additives the commercial PCM has.
Moreover, this database could be completed by collecting other important properties for PCM filed as thermal conductivity, specific heat, density, wholesale cost, etc. which must be considered during the design step of the system as well. Collection of all these data is difficult and time consuming but some of the substances reported in this database have these properties available and they are presented in Figure 7 that shows thermal conductivity vs. density. Note that salt hydrates are the PCM with highest thermal conductivity while paraffin is the PCM group with the lowest density.
Case study: Domestic hot water
Domestic hot water is a field studied several times in order to implement PCM successfully. For example, Mazman et al. [14] studied how the addition of PCM modules at the top of the water tank produces higher storage density and compensates heat loss at the top layer. Moreover, several researchers have developed models to predict the behaviour of hot water tanks under several working conditions [15] [16] [17] . Furthermore, Barba and Spiga [18] studied the discharging process for encapsulated PCM in storage tanks and stated that among different geometrical configurations of the PCM, it is found that the shortest time for complete solidification is matched for small spherical capsules. All PCM used in these studies (eutectic mixture of palmitic and stearic acids, encapsulated 37.5% NH 4 NO 3 +62.5% Mg(NO 3 ) 2 ·6H 2 O, paraffin and stearic acid, TH58) have been included in the new database. The temperature range fitted to this application is between 50-65 ºC [14] .
The energy density vs. melting point of the PCM available included in the new database is presented in Figure 8 as well as the thermal conductivity vs. melting point.
In order to select the most suitable PCM to be used for domestic hot water application the temperature range of work must be fitted between 50-65 ºC melting temperature and they must present the highest energy density as well as the highest thermal conductivity (materials located in the upper-right corner of the graphs). Within this area there are several PCM such as mixtures of Mg(NO 3 ) 2 and MgCl 2 , Na 2 S 2 O 3 , mixtures of Mg(NO 3 ) and NH 4 NO 3 , being all of them salt hydrates. These are almost all selected in the studies described above [14] [15] [16] [17] . Moreover, not only salt hydrates present high thermal conductivity but also several paraffin commercial wax which must be doped with conductive particles because the thermal conductivity of paraffin is low, around 0.2 W/m·K. Therefore, salt hydrates are the most suitable substances to be used as PCM for DHW but several paraffin accounts high thermal conductivity enough becoming suitable candidates by losing a little bit of energy density. Finally, the wholesale cost is one of the most important issues when selecting materials for an application. In general, the salt hydrates wholesale cost is around 0.5 US$/kg and paraffin wax is around 1-1.5 US$/kg. This fact also agrees with the previous material selection when salt hydrates are identified as one of the most proper materials to be used in this application.
Conclusions
A new developed PCM database is presented in this paper. This database includes properties from available PCM within the temperature range between -50 ºC and 150 ºC considering commercial and non-commercial PCM. The properties collected in this database are mainly the melting temperature and the latent heat of fusion which are two of the most important properties to take into account during the PCM selection step. However, there are many other properties which are important, not only thermophysical properties as thermal conductivity, specific heat (which are available for some PCM in the literature), but also density, wholesale cost as well as embodied energy, water usage, etc.
Completing and complementing the information available in this database, facilitates the selection of the best candidate for a given application, considering at the same time several properties of the materials.
